The present work provides an extensive density functional theory study on the ambient phase of TlReO 4 . In this connection, a pseudo-potential approach has been considered for understanding the structural and vibrational properties of this material whereas the investigation of electronic band structure and associated optical properties of this material has been carried out through the implementation of full-potential linearized augmented plane wave (FP-LAPW) method. The calculated bulk modulus value 29.77 GPa using LDA functional is found to be close to experimental value 26 GPa. The order of elastic constant along the principal axis: C 22 > C 33 > C 11 , clearly indicates that the Re−O3 bonds play a crucial role in the structural and mechanical properties of this material. An analysis of the Born effective charge (BEC) along with Γ-point phonon frequencies through density functional perturbation approach (DFPT) have also shown the importance of the Re−O3 bond. The anisotropic nature of BEC is mainly found to be contributed due to the O3
value 26 GPa. The order of elastic constant along the principal axis: C 22 > C 33 > C 11 , clearly indicates that the Re−O3 bonds play a crucial role in the structural and mechanical properties of this material. An analysis of the Born effective charge (BEC) along with Γ-point phonon frequencies through density functional perturbation approach (DFPT) have also shown the importance of the Re−O3 bond. The anisotropic nature of BEC is mainly found to be contributed due to the O3
atoms. An asymmetric stretching of the Re−O3 bond is found to be mainly responsible for high intense IR peak in the high-frequency range whereas the second most intense peak is due to the symmetric stretching of these bonds along with the asymmetric stretching of the Re−O2 bonds.
In order to get the exact electronic band structure, spin orbit coupling (SOC) in addition to Tran of this material has also been addressed using density of state (DOS) which is further verified through the electron charge density plot. Though the optical properties of this material are found to be anisotropic but optical isotropy can be seen in lower energy value specially in XX and YY directions which could be due to O2 and O3 type oxygen atoms. 15, 16 . The stability of these structures with respect to different cations and the study of pressure-induced phase transition upon varying pressure is the idea of this kind of study. To have a proper understanding of the stability and the pressure induced phase transition of these structures, experimental studies using Raman spectroscopy have been performed. Among these studies, the investigation of the stability of ABO 4 scheelite-type tungstates and molybdates upon compression is worth mentioning 16, 17 . AReO 4 perrhenates, with A as alkali metal, ammonium, or Tl are also reported to crystallize in the scheelite or pseudoscheelite crystal structure and undergo phase transitions 18 upon applied pressure or temperature.
In connection with it, TlReO 4 has got a great attention for the possible structural as well as electronic phase transition at high pressure. X-ray diffraction 19, 20 , x-ray near-edge ab-sorption spectroscopy 21 , and Raman spectroscopy 22 have been reported on this material.
These studies suggest that TlReO 4 crystallizes in the pseudoscheelite structure at ambient conditions 18 and upon heating to 400 K and cooling to 200 K two phase transitions were observed 20, 24 . Pressure-induced phase transitions have also been noticed at 0.5, 1.9 and 9.7 GPa 22,25 . Among them, the phase transition at 9.7 GPa triggers a color change of the material 22 . An electronic transition mechanism has been proposed to understand this phenomenon.
Though these experiments give a good amount of information about the phase transition of TlReO 4 , little information is known of the main physical properties of this compound.
In particular, there is a lack of theoretical studies on TlReO 4 , which are fundamental for the interpretation of experiments. It has been recently shown that a systematic theoretical calculation based on DFT would provide deep insight into the physical properties of ABO 4 -type oxides 23 , but this has not been carried out yet for TlReO 4 . As a first step to achieve this goal, a proper understanding of different properties such as structural, vibration and optical properties of this material at ambient phase has been addressed in this article. The good agreement obtained on the crystal structure and phonon frequencies make us confident on the predictions made for other properties like band-gap and refractive index.
This article is organized as follows: crystal structure along with computational details of this calculation has been discussed in the next section. After that, the results and discussion on structural, mechanical, electronic, optical, and dynamical properties have been made.
Finally, the conclusion of this study will be presented.
II. CRYSTAL STRUCTURE AND COMPUTATIONAL DETAILS
The ambient structure of TlReO 4 is the orthorhombic pseudoschelite structure with Pnma Wyckoff positions in this tetrahedron are found to be oriented along the y-axis whereas other oxygen atoms can be found in the crystallographic xy-plane. It can also be seen that O2
type of oxygen atoms in this crystal are aligned along the x-axis and the interaction of these Tl (4c with the LDA functional (0.0014) is found to be more regular than the PBE result (0.0018).
In the case of TlO 8 , the LDA result is near to the experimental result. Moreover, the bulk modulus value using LDA functional is found to match quite well with the experimental result which is reported to be 26 GPa 19 . Therefore, a Van der Waals correction has not To study the mechanical stability and the associated properties of this material, the LDA functional has been considered along with the optimized crystal structure as the next step.
In this connection, the elastic constants of this material have been calculated using the stress-strain method. As the crystal structure is orthorhombic, we have found 9 elastic constant coefficients which are tabulated in table III with other related mechanical parameters associated with these elastic constants. According to our knowledge, the elastic constants of TlReO 4 are being reported in this article for the first time. The mechanical stability of this crystal is confirmed from the born stability criterion. The order of the elastic constant along the principal axis, C 22 > C 33 > C 11 tells the anisotropic nature of this crystal. As discussed in the crystal structure and computational details section, the presence of O3 oxygen atoms along the y-axis and O1 and O2 types of oxygen atoms in the xz-plane could be the possible origin of this anisotropy. The poly-crystalline bulk modulus found from the elastic constant calculation is reported to be 36.46 GPa which is slightly higher than the bulk modulus found from BM-EOS. 
C. Vibrational properties
The optimized crystal structure with the LDA functional has been used for calculating zone centered phonon modes and associated IR spectra for this material. In this purpose, linear response theory implemented in the density functional perturbation theory (DFPT) 
Here,
All these modes are non-degenerate.
All zone centered phonon frequencies along with the assigned symmetries are tabulated in Tables V-VII. The complete IR spectra (including intensities) of this material has also been calculated and shown in figure 2 . In this study, the whole IR spectra is divided into three regions for a better resolution. These regions are as follows: Frequencies attributed to external lattice vibrations or the mixture of lower molecular vibrations which is from 0 to 200 cm −1 , Frequencies from 240 cm −1 to 360 cm −1 and the frequencies above 900 cm −1 . In order to explain the first frequency range, the IR spectra of TlReO 4 from 15 to 110 cm −1 has been depicted in figure 2(a) . This figure clearly tells that 4 very intense peaks are present in this spectra. These peaks belong to the external lattice vibrations. Among them, the highest intensity peak is found at 60.74 cm −1 and the associated vibrational is shown in figure 3(a) . Figure 3 in the opposite direction which is the main reason behind the intense peak at 60.74 cm −1 .
The second highest intense peak is found at 45.93 cm and the ionic nature between Tl and the ReO 4 anion. To validate this, the charge density mapping has been evaluated in (101) and (011) planes as the xz-plane can be considered for O1 and O2 oxygens whereas the O3 oxygens can be found in the yz-plane. The calculated charge density distribution is shown in Fig. 6 . It clearly shows a considerable sharing of charges between Re and oxygen atoms and a small sharing of charges among Tl and other atoms. It can also be seen from the charge density plot in the yz-plane that the Tl and oxygen atoms are having ionic bond whereas the charge density plot in xz-plane clearly shows a little sharing of charge between Tl and O1 oxygens. This result is found to be consistent with the conclusions drawn from the DOS.
E. Optical properties
The calculation of the optical properties of TlReO 4 has been done using the local potential TB-mBJ with a SOC interaction. The absorption coefficient and refractive index of this material have been calculated using the dielectric function. The imaginary and real dielectric function of this material are depicted in figure 7 . The prominent peaks along XX direction can easily be seen at A, B, C, D, E, F, G, H points of this figure whereas peaks along YY These values of the refractive index undoubtedly show that this parameter along ZZ axis is low whereas is high along the YY axis. Figure 8 shows the three index of refraction along XX, YY, and ZZ directions. It can be seen from this figure that the maximum value of this index of refraction along XX direction is 2.9 at 6.5 eV, along YY direction is 2.6 at 6.5 eV and along ZZ direction is 2.9 at 6.5 eV. The absorption spectra of this material is illustrated 
